Dengue fever (DF) is a vector-borne disease and a tremendous socioeconomic burden on tropical and subtropical countries worldwide. To explore the characteristics of DF epidemic in the Fujian province, information of DF cases in Fujian during 2004-2014 was collected and analyzed. The complete E genes of 48 viral isolates were amplified and sequenced for phylogenetic analysis. A total of 733 cases was reported, of which 612 (83.5%) occurred during the peak period from August to October. Additionally, 76% (190/250) of imported cases originated from Southeast Asia countries, by the epidemiological investigation. Phylogenetic analysis of the 48 viral isolates revealed that three genotypes (I, IV, V) of DENV1, and one genotype each of DENV2 (cosmopolitan) and DENV3 (I) circulated in Fujian during [2004][2005][2006][2007][2008][2009][2010][2011][2012][2013][2014]. Similar to the results of the epidemiological investigations, the source of most of the viral isolates, including imported and indigenous cases, may be Southeast Asia countries; however, importation from adjacent provinces was also observed in recent years. Overall, DF is considered an imported epidemic disease in Fujian. Increasing diversity of the viral source and geographic expansion of the area affected by DF in recent years highlights the necessity for strengthening surveillance of the DF epidemic and developing strategies for DF prevention and control in Fujian.
INTRODUCTION
Dengue virus (DENV) is mosquito-borne and is circulated near tropical or subtropical regions between 25 degrees latitudes in the north and south worldwide. There are four serotypes of naturally occurring DENV: DENV1-4 (Russell and Nisalak, 1967) . Infection with DENV can cause acute dengue fever (DF), dengue hemorrhagic fever and dengue shock syndrome (Gubler, 1998; Martina et al., 2009 ). Recently, because of the frequent trading between nations and global climate change, the epidemic regions for DF have expanded and seriously impacted the health of approximately 3.9 billion people living in 128 countries worldwide (Brady et al., 2012) . In recent decades, the incidence of DF has increased significantly, with an annual average of 390 million reported cases and nearly 96 million people with apparent clinical manifestations (Bhatt et al., 2013) . The prevalence regions include African, American, eastern Mediterranean, Southeast Asia, and west Pacific regions, making DF a global public health issue.
Similar to the worldwide prevalence, regions affected by DENV have continually expanded in China in recent decades, since the first DF outbreak reported in the Guangdong province. However, most infections are clustered in coastal provinces in southeast China, such as Guangdong, Guangxi, Fujian, Yunnan, and Hainan (Liu et al., 2014; Jiang et al., 2013) . In the Fujian province, imported cases have been reported every year since 2004, and several local clustered epidemics occured in 2004 , 2007 , 2008 (Yan et al., 2006 Chen et al., 2015a, b) . To better understand the epidemiological features of DF and provide guidance for disease prevention and control, we comprehensively investigated the epidemiology and etiology of DF in the Fujian province during [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] .
RESULTS

Epidemiological feature
Including DF cases imported every year and those cases without dengue hemorrhagic fever, dengue shock syndrome, or death, a total of 733 cases of DF were reported in Fujian province in [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] 2004, 2007, 2008, and 2014 . A total of 84.4% of imported cases (211/250) were identified in Quanzhou, Fuzhou, Putian, and Xiamen, which included the coastal regions of the Fujian province. It seems that male resident in coastal regions responded mainly to the importation of DF in Fujian. 76% (190/250) of imported cases were from Southeast Asia countries, including the Philippines, Indonesia, Malaysia, Singapore, Vietnam, Cambodia, Myanmar, Thailand, and East Timor. Ten cases were imported from India, Bangladesh, Sri Lanka, and Saudi Arabian in south Asia, 11 cases from Angola and Ghana in Africa, 12 from Papau New Guinea in Oceanic continents, and 3 from Suriname and Brazil in South America. In addition, 24 cases were imported from the provinces of Guangdong, Yunnan, and Hainan in mainland China through inter-regional transmission ( Table 2 ). The monthely distribution revealed that DF cases occurred in each month and the incidence peaked from August to October, with 83.5% of cases (612/733) reported during the period (Figure 1 ). Type of case  2004  2005  2006  2007  2008  2009  2010  2011  2012  2013  2014  Total  Local cases  93  0  0  103  9  0  1  0  0  1  276  483  Imported cases  9  14  3  9  16  14  23  18  26  61  57  250  Total cases  102  14  3  112  25  14  24  18  26  62  333 733 Viet nam 
Etiological analysis
Forty-eight strains of DENV, including 29 DENV1, 16 DENV2, and 3 DENV3, were isolated from DF patients in Fujian province in 2004-2014 (Table 3) . Of these viruses, 21 strains were isolated from imported cases. For sequence designation, the viral isolates were named "Type/Province/ Serial number/Year." whereas the reference sequences (downloaded from Genbank) were expressed as "Accession no./Origin/Year." Complete E sequences of 48 of the above strains were obtained and aligned with reference DENV sequences, followed by construction of a phylogenetic tree. The detailed phylogenetic analysis of DENV of various serotypes described below.
DENV1
The phylogenetic tree ( Figure 2 ) revealed that the DENV1 isolates belonged to genotype I, IV and V, respectively. Consistent with the results of field epidemiological investigation, the viral isolates from imported cases were genetically similar to the viruses circulating in regions to which the cases traveled. Six sporadic isolates imported from aboard were thought have originated from countries in Southeast Asia, whereas three isolates of D1/FJ/011/2013, D1/FJ/023/2013, and D1/FJ/031/2013 from Angola in Africa In addition, two isolates (D1/FJ/346/2014 and D1/FJ/ 353/2014) of genotype I were imported from the adjacent Guangdong province. However, phylogenetic analysis indicated that strain D1/FJ/003/2012 originated from Southeast Asia and was distinct from current South American strains . Given the high sequence identity (more than 99.3%) with the virus found in Indonesia (JF967877/ Indonesia/2009), the viral source of the local DF outbreak in 2004 (genotype I) was thought to be countries in Southeast Asia, including Indonesia. DENV1 has continually circulated in Guangdong province for at least 18 years since 1997 (Shen et al., 2015) . Phylogenetic analysis revealed that DENV1 caused a large outbreak in Guangdong in 2014 and included genotypes I, IV, and V (Sun et al., 2016) . Even for identical genotypes, multiple sub-lineages, which may have developed from continued evolution of the virus (Holmes and Burch, 2000) rather than from importations, cocirculated in DENV1 in the province. Therefore, except for the possible source of viruses leading to the outbreak in Nanping city originating from Singapore (for 99.8% identity with the virus KJ806966/Singapore/2013), another possible origin from Guangdong should be considered. Asia. Despite the high similarity between isolates from Putian in the 2014 outbreak and sporadic isolate from Guangdong (KJ807796/Guangdong/2013), the chronological relationship did not support the viral spread from Guangdong to Fujian. Despite the simultaneous occurrence of DENV2 in Putian and Nanping in 2014, the genetic heterogeneity between the viruses did not support inter-region transmission across these two cities.
DENV3
Only three viral strains were isolated from sporadic imported patients in 2004-2014, one from Indonesia and 2 from the Philippines. The phylogenetic tree (Figure 4 ) also showed that all DENV3 isolates belonged to genotype I. Based on phylogenetic analysis and field epidemiological investigation, the three viruses originated from countries in Southeast Asia. Historically, DF outbreaks associated with DENV3 occurred in Guangdong and Hainan during the 1970 and 1980s (Zhao et al., 1981; Li et al., 1986) . Reported cases of DENV3 infection during the subsequent 20 years were relatively rare compared to DENV1 and DENV2 in mainland China (Wu et al., 2010) . However, in recent years, the frequent importation of DENV3 of various genotypes initiated DF outbreaks in Yiwu city in Zhejiang (Genotype III, 2009) (Sun et al., 2011) , Xishuangbanna autonomous prefecture in Yunnan (genotype II, 2013) (Guo et al., 2015) , and even in the central regions in China, such as the Henan province (genotype II, 2013) (Huang et al., 2014) . Frequent outbreaks and geographic expansion of DENV3 increased the potential for inter-regions transmission of the virus. Indeed, we identified a DF case imported from Yunnan province in 2013 (Table 3 ) during field investigation. However, the phylogenetic tree failed to reveal the relationship between the viruses in Fujian and Yunnan by viral isolation and sequencing.
DISCUSSION
DENV is an enveloped, single positive-strand RNA virus belonging to the Flavivius genus of Flaviviridae. DENV can be classified into four serotypes, each of which includes several genotypes (Holmes and Burch, 2000; Holmes, 2009 ). Similar to other RNA viruses, mutations frequently occur during the viral replication process in DENV because viral RNA polymerase lacks a proofreading mechanism, and resulting in endemic disease. In recent years, etiological analysis methods have been developed to examine viral phylogeny; the gene encoding the major outer membrane protein of the virus, which plays important roles in interactions between the virus and host cell has attracted the most attention (Parameswaran et al., 2012; Lemmon and Milinkovitch, 2002; Rico-Hesse, 2003) . In this study, we investigated the epidemiology and etiology of the DF epidemic in Fujian during 2004-2014. The results showed that the epidemic peak of DF in Fujian occurred from August to October. The origin of most imported DF cases was tracked to countries in Southeast Asia; however, cases from countries in Africa, Oceania, and South America were also reported in recent years. Importantly, the viral source of some local cases, whether sporadic or outbreaks, was found in recent years (2013) (2014) in Fujian, and were either confirmed or suspected to have originated from adjacent provinces, particularly from Guangdong, according to epidemiological investigations and phylogenetic analysis. This phenomenon highlights the probable geographic expansion of the DF epidemic in future through inter-region transmission of DF in mainland China. Furthermore, inter-region transmission may not only increase the incidence in traditional DF-affected areas, but also introduce viral agents into unaffected areas. For example, most DF cases were distributed only in coastal regions in the past in Fujian; however, the outbreak of DF in inland Nanping city in 2014 may have been initiated by a domestic imported case. Increasing diversity of the viral source and geographic expansion highlights the risk of DF outbreaks in Fujian, and throughout the country (Wu et al., 2010) .
Phylogenetic analysis is useful for tracking viral sources and understanding the relationships between various outbreak events. Combined with field epidemiological investigations, the results revealed not only the possible source of DENVs causing indigenous outbreaks in Fujian province, but also etiological relationships between various outbreak events. For instance, the viral agents of DENV causing sequential outbreaks in Putian in 2007, 2008, and 2014 were phylogenetically different and unrelated to the DF endemic in the region. In addition, similar results were observed for simultaneous DF outbreaks in Putian and Nanping in 2014, which also excluded the possibility of inter-region transmission in Fujian.
Fujian province is located in the southeast coastal region of China and is one of the provinces most affected by DENV in China. As a well-known hometown of overseas Chinese individuals, Fujian is closely related to Southeast Asia, one of the epicenters of DF worldwide, resulting in frequent importation of DF. In recent years, increasing global trade activities, continual labor exportation, and frequent migration of populations between rural regions and coastal developed cities have facilitated the import of viral agents of DENV, not only from aboard but also from adjacent provinces. DF is characterized as an imported epidemic disease in Fujian, without any evidence support the endemic. However, in addition to the frequent importation of viral agents, risk factors such as the expansive distribution of Aedes albopictus Xie et al., 2013) , suitable climate conditions for mosquito vector breeding, and uncontrolled urbanization contribute to the expansion of DF epidemics. These factors promote the potential for transformation of an imported epidemic to endemic (Shen et al., 2015; Chen and Han, 2016) . In the past, strategies for controlling DF have focused more on coastal regions in Fujian; however, the diversity of the viral source and geographical expansion of DF suggested that it was necessary to strengthen epidemiological and etiological surveillance, not only in coastal regions but also in inland regions. In additions, because case recognition and management in the early stage of an epidemic is crucial for DF control, strengthening professional training targeting clinical personnel at various levels of medical units must be considered when developing strategies for DF control and prevention.
MATERIALS AND METHODS
Materials
Epidemiological data Basic epidemiological data of patients confirmed to have DENV infection were collected from the China Information System for Disease Control and Prevention, including the information management system for infectious disease report and emerging public health events report. Detailed case information was collected and sorted from interview questionnaires collected in field epidemic investigations.
Case definition
The definition of the imported cases adopted in field epidemiological investigation was that the individual case had a travel history to DF-epidemic foreign countries or other provinces in China and exposure to mosquito biting within 15 days (the longest incubation of disease) prior to illness onset. The regions that the cases returned to or came from were regarded as the localities of viral infection (Guideline of national dengue surveillance in China. http://www.moh. gov.cn/uploadfile/2005818141858129.doc).
Viral isolation
The mosquito C6/36 cell was used to isolate DENV virus from serum specimens collected from sporadic or clusters DF patients in Fujian province in 2004-2014. The isolates were confirmed by indirect immunofluorescent assay and specific reverse transcription PCR (Lanciotti et al., 1992) and viral stocks were frozen at 80°C.
Reagents
The reagents for viral RNA extraction, one-step reverse transcription PCR (RT-PCR), amplicon purification by gel extraction, and mini plasmid preparation were purchased from Qiagen (Hilden, Germany). The TA cloning kit and Escherichia coli DH5 competent cells were purchased from TaKaRa (Shiga, Japan). Other reagents were prepared using standard procedures. Specific primers (Table 4) for amplification of the viral complete envelope (E) gene were described previously (Huang et al., 2012) .
Methods
RNA extraction
First 140 μL of the viral stock was used for viral RNA extraction with the QIAamp Viral RNA Mini Kit, according to the manufacturer's instructions. RNA were eluted in 50 μL diethyl pyrocarbonate treated H 2 O and frozen at 20°C until use.
Amplification of full length E gene
The PCR mixture included the following: 5 μL 5×buffer, 1 μL dNTPs (2.5 mmol L 1 each), 1 μL enzyme mix, 1.5 μL sense primer and 1.5 μL antisense primer (10 μmol L 1 ), 10 μL diethyl pyrocarbonate treated H 2 O, and 5 μL RNA template. The final 25 μL reaction mixture was incubated at 50°C for 30 min; 94°C for 15 min; 30 cycles of 94°C for 30 s, 45°C for 30 s, 72°C for 30 s; 72°C for 5 min, and maintained at 4°C. Next, 40 μL of amplified products were separated by 1% agarose gel electrophoresis at 110 V for 40 min, and the target cDNA was purified using a gel 
Plasmid preparation
Purified DNA fragments were cloned into the pMD ® 19-T vector according to the manufacturer's instructions. Recombinant plasmids were transformed into E. coli DH5 competent cells and cultured on Luria-Bertani plates (containing 100 μg mL 1 ampicillin, 0.5 mmol L 1 Isopropyl -D-Thiogalactoside (IPTG), and 40 μg mL 1 X-gal). Bacterial colonies were picked using the blue-white screening method from LB plates, followed by cultured in liquid LB media at 37°C overnight. The recombinant plasmids were prepared using the TIANprep Mini plasmid kit (Tiangen Biotech, Beijing) followed by bidirected circular sequencing reactions using the Bigdye 3.1 kit (Applied Biosystems, USA). The plasmids were sequenced by TaKaRa Inc. using the sequencing primers M13-47 and RV-M, which flanked the insert position. The sequences obtained in this study were deposited in GenBank (accession No. KU570088-KU570133).
Phylogenetic reconstruction
Complete E gene sequences were assembled using the SeqMan program (Lasergene software package, DNASTAR Inc., USA) and aligned using Mega software 6.0, with the sequences of reference DENV strains download from Genbank. Phylogenetic trees of the viral E genes were constructed using the neighbor-joining method.
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